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ABSTRACT 

To establish instructional guidelines for enabling 
junior and senior high school students to develop an understanding of 
a technical concept, this study sought to determine whether a verbal 
instrix:tional medium complementing a nonverbal instructional mediim 
would result in the development of a higher level of abstract 
understanding of a preselected technical concept than the use of 
either medium alone or the verbal instructional medium supplementing 
the nonverbal medium. The procedure of the study involved (1) 
selecting a technical concept, (2) developing a subordinate 
hierarchy, (3) writing test materials to measure eibstract learning, 

(4) determining the test's reliability, (5) identifying the sample, 

(6) collecting the data, and (7) analyzing the data. Results of the 
study indicated that the guidelines used to plan the verbal medium 
complementing the nonverbal lesson resulted in students acquiring the 
largest amount of abstract understanding of a technical principle. 

The results also indicated that intellectual maturation affected 
students' abilities to develop an abstract understanding of a 
technical procedure. . (Author/DI) 
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ABSTRACT 



This research was conducted to determine the pranise for using 
instructional guidelines which would enable junior and senior high 
school students to develop an abstract understanding of a technical 
concept. The problem was to determine if the verbal instructional 
medium complementing the nonverbal instructional medium (NV ■+• Vq) 
would result in students developing a higher level of abstract 
understanding of a pre-selected teclinical concept than the use of the 
verbal instructional medium (V) alone or the verbal instructional 
medium supplementing tlie nonverbal medium (NV ■+• Vc) . The study was 
based upon the need for students to develop a higher level of abstract 
understanding of industrial arts subject matter. 

The procedure used for conducting the study involved (a) 
selecting a technical concept, (b) developing a subordinate hierarchy, 
(c) witing test materials to measure abstract learning, (d) pro- 
ducing video-taped lessons, (e) determining the reliability of the 
tests,- (f) identifying the sample, (g) collecting the data, and (h) 
analyzing tlie data. The results of the study indicated that (a) the 
guidelines used to plan the verbal medium complementing the nonverbal 
(NV + Vj.) lesson resulted in students acquiring the largest amount of 
abstract understanding of a technical principle and (b) intellectual 
maturation had an effect on students' abilities to develop an abstract 
understanding of a technical principle. 
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a-IAPTER I 

THE PROBLEM, HYPOTHESES, AND DEFINITION OF TERMS 

I This study investigated the effect verbal and/or nonverbal 

» 

I classroom instruction had on junior and senior high school students' 

j 

abstract understanding of environmentally-based concepts. After an 
examination of cognitive theories, Gagne's hierarchy of learning con- 
ditions and subordinate hierarchy were used to operationally define 
nonverbal and verbal communication in the formal instructional process. 

Nonverbal and Verbal Continua 

Research done by Ruesch and Kees (1961) identified that the non- 
I verbal and verbal continua existed independent of each other. This 

I 

1 . 

[ distinction resulted in a redefinition of nonverbal communication and 

a remapping of the area encompassed by nonverbal communication. 

Nonverbal communication research completed during the late 
1930' s, 40' s, and early 50 's operationally defined the nonverbal 
I medium as the connotative meaning of messages (Fay § Middleton, 1939, 

f 1940, 1941a, 1941b, 1943; Israel, 1966). The meaning of the nonverbal 

medium was determined by comparing the connotative medium with the 
denotative medium. 

Ruesch and Kees' (1961) research findings, based upon the 
’ systematic observation of people's reactions to actions, objects, 

and events in the environment, resulted in the definition of verbal 
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and nonverbal communication as digital and analogical codification. 
They signified that the nonverbal or verbal media cannot be used as 
a substitute for each other, but can be used to supplement or 
complement the other. 



Digital Codification 

Digital codification was defined as a language system using 
numbers and/or words which are dependent upon an artificial set of 
rules logically created and agreed upon by man (Ruesch ^ Kees, 1961, 
p. 9). (See Figure 1.) Objects and events that have occurred in 
the environment are described by letters which are used to produce 
words. The words are combined in a predetermined manner to form 
sentences. The logic used to combine letters into words, words into 
sentences, and sentences into paragraphs has been created by man. 



Environment 


Code (Digital) 


Message 


Objects 


Lettei*s 




"Cut out" events 


and 


Phonics 


Logi- 


from the context of 


Events 


Words 


-cally 


the environment 




Sentences 

Paragraphs 


based 


Subject-predicate oriented 
Degree of description 
determined by the use 
of adverbs and adjective; 



Figure 1. Characteristics of Digital Codification 
(Israel, 1967) 



Analogical Codification 

Analogical codification was defined as "...a series of symbols 
that in their own proportions and relations are similar to the thing, 
idea, or event for which they stand (Ruesch ^ Kees, 1961, p. 8). 



3 



(See Figure 2.) The meaning of the code is derived from environ- 
mental events that have occurred or are occurring. Analogical codi- 
fication can be used effectively to express the timing of events, 



the cause and effect relationships of events, the continual change 



that takes place in the physical environment, and space (the size, 



shape, and location of objects in the environment) (Ruesch § Kees, 
1961, p. 190). 



Environment 



Code (Analogical) 



Message 



Ob j ects 
and 
Events 



Signs 

Actions 

Objects 



Environ- 
— mentally 
based 



Context of the environ- 
ment is used to determine 
the meaning of the codes 
Describes cause and effect 
relationships 
Represents the quality of 
space 



Figure 2. Characteristics of Analogical Codification 
(Israel, 1967) 



Differences Between Analogical and Digital Codification 

Ruesch (1955) developed an extensive description of the 
differences between analogical and digital codification. This 
description was summarized by Galloway (1962, p. 25) as follows: 

Analogical Codifications 

1. Permit redundancies 

2. Permit quick statements 

3. Are subject oriented 

4. Have emotional appeal 

5. Facilitate understanding 

6. Represent an intimate language 
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Digital Codifications 

1. Produce fatigue when redundant 

2. Necessitate long-winded statements 

3. Are predicate oriented 

4. Exert an intellectual appeal 

5. Are apt for reaching agreement 

6. Represent a distant language 

Rationale for the Study 

The researcher assumed that the teaching strategy used by 
industrial arts teachers should place emphasis on students' abstract 
understanding of environmentally-based concepts. This assumption 
was based upon national curriculum changes that have taken place 
in industrial arts and the nature of concept learning. Concepts 
provide students with (a) a means for freeing their thoughts from 
the control of the environment, (b) a reservoir of organized 
knowledge which has general application, (c) a means for processing 
and organizing new information, and (d) cognitive strategies for 
thinking and solving problems. 

Nature of Concept Learning 

The lack of an all-encompassing theory of cognition resulted 
in the citation of major cognitive theorists to describe the process 
of concept ’earning. Anderson and Ausubel (1965, p. v) reiterated 
this position by stating that "...no theory of cognition at the 
present time is sufficiently conprehensive , sophisticated, or widely 
enough accepted to serve adequately as the sole basis for inter- 
preting the available research evidence." 
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Both Gagne and Ausubel agreed (a) that the major long-term 
objective of education is the acquisition of organized bodies of 
knowledge (Ausubel, 1965, p. 9; Gagne, 1962), (b) that bodies of 
knowledge be organized psychologically and not logically (Ausubel, 
1968; Gagne, 1971), (c) that knowledge within the learner's cogni- 
tive structure is organized in hierarchical order (Gagne, 1965, 1970b; 
Ausubel, 1965, 1968), and (d) that the verbal media provide a more 
efficient means for students to acquire an understanding of concepts 
than discovery learning (Gagne, 1965, 1970b; Ausubel, 1965, 1968). 

Similarities between Ausubel' s and Gagne's theories were used 
to describe the process of students acquiring a verbal understanding 
of environmentally-based concepts. This process consisted of 
students (a) perceiving environmental stimuli, (b) assigning a 
verbal label to the stimuli, (c) generalizing the label to other 
similar stimuli, (d) identifying similarities and differences 
between the environmental stimuli, (e) becoming aware of and 
assigning new verbal labels and/or new meanings to existing verbal 
labels to describe the similarities and differences beb\reen environ- 
mental stimuli, and (f) categorizing the similarities and differences 
in a meaningful hierarchical order. 

Gagne's description of the above process places emphasis on 
students moving from the concrete to the abstract, whereas, 

Ausubel' s explanation stresses the opposite viewpoint. Also, 

Ausubel 's theory includes a more detailed explanation regarding the 
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acquisition of nonenvironmentally-based propositions and concepts. 
Gagne's theory is more environmentally oriented. 

■ Need for Instructional Guidelines 

I Based upon the assumptions (a) that the acquisition of environ- 

mentally-based concepts does involve the procedure previously 
described, (b) that digital or analogical codification cannot replace 
each other but can supplement or complement each other, (c) that 

j 

I knowledge is cognitively stored in hierarchical order, and (d) that 

I 

; the use of the verbal media is the most efficient means for students 

I 

to acquire an understanding of concepts, the following question was 
asked: What instructional guidelines should be utilized for 

structuring the use of the verbal and nonverbal media so students 

J 

i 

I will acquire the greatest level of abstract (verbal) understanding 

I of environmentally-based concepts? 

Rationale for Instructional Guidelines 

The performance expected of the learner was defined as a means 

[ for circumscribing the nature of the instructional guidelines. Next, 

the rationale was identified for testing three instructional 
approaches that were related to the class of performance change 
expected. The rationale served as a basis for identifying questions 
to be answered. 

‘ Performance Change Expected 

Instruction is the external event which produces the internal 
process called learning. Learning results in a change in the 
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learner’s performance. The change cannot be associated with the 
process of physical growth (Gagn§, 1970b, pp. v q 3). 

The performance expected of the learner was his ability to 
develop an understanding of technical concepts. A concept was 
defined as "...some amount of [abstract] meaning more or less 
organized in an individual's mind as a result of sensory perception 
of external objects or events and the cognitive interpretation of 
the perceived data" (Woodruff, 1964, p. 84). The perceived data 
were limited to technical devices (artifacts) created by man as a 
means for controlling his physical environment. Bock (1969, p. 221) 
defined an artifact as "...any portion of the material environment 
that has been deliberately used, or modified for use, by man." 

The amount of conscious meaning (understanding) the learner 
associated with a technical concept was used as the criteria for 
evaluating concept learning (Gagn6, 1965, 1970b; Ausubel, 1965, 

1968) . Gagne identified that this criteria can be measured by the 
learner's ability to engage in productive thinking. Productive 
thiriking was defined as the process of applying acquired cognitive 
capabilities and strategies to novel contextually- related problem solving 
situations (Gagn6, 1959, 1962, 1964). 

Three Instructional Approaches 

The three approaches were based upon GagnS's discussion 
regarding the importance of laboratory activities and demonstrations 
in science (Gagne, 1970b, pp. 179 ^ 184). 
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Gagne identified that the acquisition of environmentally-based 
concepts requires the learner to have reference to a class of 
concrete situations so that he will use the concept as an accurate 
tool of thinking when he is dealing with the real world. The 
actual stimulus situations provide the student with an "operational" 
meaning of the environmentally-based concept (Gagn§, 1970b, p. 179). 

The use of the verbal medium alone and the lack of concrete 
references has been identified by Gagn§ (1970b, p. 187) as over- 
verbalization. In novel but related problem solving situations, 
the learner would be unable to solve problems. 

A third instructional approach that Gagn§ (1970b, p. 187) 
predicted would result in superficial verbal learning was "learning 
by doing." The verbal medium, used to provide directions for the 
learner to complete specific nonverbal tasks, would not result in 
him developing an abstract (verbal) understanding of environmentally - 
based concepts. 

Questions About Approaches 

The questions asked were: Did the instructional procedure 
using the verbal medium supplementing the nonverbal medium (learning 
by doing) provide students with enough information that they were 
able to develop an abstract understanding of technical concepts? 

Did the use of the verbal medium alone result in students recalling 
past experiences needed to acquire meaningful and accurate under- 
standing of technical concepts to solve contextually-related 
problems? Did the use of the nonverbal medium complementing the 
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verbal medium result in students developing abstract understanding 
of technical concepts? 

Statement of the Problem 

The problem was to determine if the verbal instructional 
medium ccanplementing the nonverbal instructional medium would 
result in students developing a higher level of abstract under- 
standing of a pre-selected technical concept than tlie use of tlie 
verbal instructional medium alone or the verbal instructional 
medium supplementing the nonverbal medium. 

The verbal instructional medium alone was included to depict 
Gagne’s oververbalization credence. The verbal instructional 
medium supplementing the nonverbal medium was included to depict 
how industrial arts teachers usually conduct their classroom 
presentations. 

Need for tlie Study 

A survey was conducted of the literature related to major 
industrial arts curriculum plans developed during the last fifteen 
years. The Maine, Maryland, Georgia, Stout American Industries, 
Southern Illinois Enterprise, Ohio State, :aid West Virginia plans 
stressed the need for students to develop a higher level of abstract 
understanding of subject matter. Many of these plans advocated the 
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use of concept learning and identified technology as the subject 
matter of industrial arts. 

The need for students to develop a higher level of abstraction 
in industrial arts can be illustrated by the West Virginia University 
Industrial Arts Program in the Technologies . The program advocated 
the use of the concept approach as the means for students to develop 
abstract understanding of technology. 

Technology has been identified by DeVore as a technical -social- , 
cultural phenonenon. This phenomenon has been described as (a) a 
construct based upon truths that have held constant throughout man's 
history (Drucker, 1960, 1967; Ellul, 1964); (b) being concerned with 
the pursuit of effective -ways of producing objects and solving 
problems to sustain life and better meet the needs of life in a 
specific environment (DeVore, 1970); (c) the study of man's "work-- 
his unique means for controlling his physical environment (Drucker, 
1960); (d) being artificial--an occurrence which has been created 
and perpetuated by man (Ellul, 1964); (e) being cumulative in 
nature; (f) not being neutral, but influenced by the way man behaves 
in a given socio- cultural environment; and (g) an occurrence which 
interrelates and interacts within a given socio- cultural environ- 
ment (Kranzberg § Pursell, 1967). 

DeVore (1966, 1967a) has identified that technology meets the 
criteria of a discipline. Technology is dynamic, cumulative, 
theoretical, structural, and integrative. The identification of 



technology as the subject matter of industrial arts would (a) identify 
a unique body of knowledge, (b) indicate a universal structure and 
method of inquiry, (c) provide a better means for youth to understand 
their technical-social-cultural environment, and (d) provide an 
externally stable and internally flexible industrial arts curriculum 
(DeVore, 1964, 1966, 1967a, 1967b, 1969a, 1969b). 

The study of technology as the subject matter of industrial 
arts would result in the identification of key ideas, concepts, and 
principles and their interelationships . The use of the hierarchical 
organization of technological concepts and principles would allow 
students to (a) become aware of the structure of technology; (b) 
learn with greater efficiency; (c) understand meaningful relation- 
ships between key ideas, concepts, and principles; and (d) develop 
producti"ve thinking capabilities. Hence the process of curriculum 
planning vrould involve the establishment of (a) a content reservoir, 
(b) basic concepts and principles, (c) units of instruction based 
upon the concept learning approach, and (d) courses by grouping 
units of study (DeVore, 1966). 

Purpose of the Study 

The purpose of this study was to test guidelines for using 

I 

the verbal and nonverbal instructional media to help develop an 
abstract understanding of technical concepts. These identified 
guidelines could help industrial arts teachers to become more 
aware of their need to distinguish differences as well as inter- 
relationships between content and instruction. 
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It was assumed that when industrial arts teachers decided to 
adopt a recently- developed curriculum plan which emphasized concept 
learning, they would be faced with a dichotomy between their past 
instructional procedures and those that were expected of them. The 
dichotomy could cause teachers to feel a level of frustration and 
insecurity that would result in them reverting back to their "old 
techniques." This would cause a deterioration in the normal rate 
of curriculum transformation. 

This predicted deterioration in curriculum transformation was 
based upon the unconscious nature of the past nonverbal learning 
experiences of industrial arts teachers. Students who enrolled in 
industrial arts teacher education programs did so because of their 
previous success in manual activities. During their professional 
education experience, they developed competencies in specific 
technical areas of interest such as wood, metal, drawing, electricity, 
and graphic arts. These in-depth encounters combined with the lack 
of meaining identified with their educational theory courses result 
in "learning by doing" becoming the major criteria for identifying 
subject matter to be taught as well as the mode of instruction. 

The opposite approach would require the teacher to plan his 
instructional procedures so that students would achieve a higher 
level of abstract learning. This approach would necessitate that 
the teacher determine the means for students to move from the 
concrete to the abstract and to select verbal and/or nonverbal 
instructional procedures to accanplish this. Thus, content and 
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instruction would have to be treated as separate entities, but 
interrelated as they relate to the goal to be accomplished. 

Hypotheses 

Three major hypotheses were identified for testing. Gagn§'s 
hierarchy of learning conditions was used to operationally define 
(a) the verbal instructional medium complementing the nonverbal 
instructional medium (NV + V^), (b) the verbal instructional medium 
(V) , and (c) the verbal instructional medium supplementing the 
nonverbal medium (NV + V^) . Gagn6's subordinate hierarchy was used 
in the NV + and V treatments to structure the intellectual 
processes needed for students to acquire an abstract understanding 
of a technical concept. 

Gagne's (1965, 1970b) hierarchy of learning conditions consist 
of signal learning (type 1) , stimulus-response learning (type 2) , 
chaining (type 3) , verbal association learning (type 4) , discrimination 
learning (type 5), concrete concept learning (type 6), rule learning 
(type 7), and problem solving (type 8). The first type of learning, 
signal learning, is not included in the hierarchy of human learning 
conditions . 

The subordinate hierarchy is concerned with the development of 
cognitive capabilities associated with type 6 and 7 conditions of 
learning. A review of literature related to the subordinate 
hierarchy as the relevant variable for developing an abstract 
understanding of a concept has been included in Chapter 2. (See 
Figure 3.) 
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Figure 3. A Discription of Gagne’s Hierarchy of Human Learning 
Conditions Used to Operationally Define the NV + V , V, and 
NV + V^ Instructional Media (Gagn6, 1970b, p. 66) 



The first hypothesis identified was: 

The students’ amount of abstract understanding 
of a pre-selected technical concept taught by 
the use of the verbal instructional medium 
complementing the nonverbal instructional 
medium (NV + V^) will be greater than the mean 
level of abstract understanding of students 
who have been taught by the use of the verbal 
instructional medium (V) or the verbal instruc- 
tional medium supplementing the nonverbal 
instructional medium (NV + V^) . 

The NV + Vg instructional medium was operationally defined by 
chaining and verbal association conditions of learning. Gagne 
(1970b, pp. 123-131) defined chaining as the combining of individual, 
previously learned, nonverbal SgR connections (links) in proper 
sequence (a chain) to complete a specific task. Once a chain has 
accomplished its purpose, the chain does not need to be repeated 
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unless the learner wishes to (a) make sure he knows tlie sequence of 
the chain or (b) accomplish the purpose of the chain again. Gagn6 
(1970b, pp. 123-125) has described verbal association as the process 
of combining previously learned verbal S - R links. 

Gagn6 (1970b, pp. 125-126 § 142) denoted the most common way 
for humans to learn verbal and nonverbal chains involved the use of 
the second medium to provide external cues for how the verbal or 
nonverbal chain should be formed. 

Chaining and verbal association were used in this study to 
depict the industrial arts teachers' use of the nonverbal instruc- 
tional medium to present new content and the verbal instructional 
medium to describe and/or name the new actions, objects, or events. 
The verbal description was used to guide the students' nonverbal 
learning. 

Verbal association, discrimination, concrete concept, and 
rule conditions of learning were used to operationally define the 
V and NV + instructional media. Discrimination learning, as 
described by Gagne (1970b, pp. 155-167), involves the learner 
making the same consistent response to each distinctively different 
feature of related objects, events, representations, symbols, or 
space. The learner has achieved this learning condition w'hen he 
has learned all verbal and nonverbal chains pertaining to a 
collection of related features. Making consistent responses to 
relevant stimuli related to a particular collection was described 
as the means for testing the learner's acquired multiple- 
discrimination capability. 
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According to Gagne (1970b, pp. 171-182), concept learning 
includes concrete concept and rule conditions o£ learning. Concrete 
concept learning involves the learner using the same word to 
describe a class of observable environmental stimuli. The process 
o£ generalizing frees the learner's thoughts from the control of 
environmental stimuli. The learner's acquired capability to malce 
the same response to a class can be determined by evaluating his 
responses to stimulus situations that were not used during the 
learning of the concrete concept. 

Gagne (1970b, pp. 189-202) has indicated that rule learning 
involves (a) a higher level of abstraction than concrete concept 
learning and (b) the use of subordinate hierarchies. Rule learning 
involves the cognitive process of learners developing an abstract 
understanding of verbal statements. A verbal statement consists 
of a relational concept, a sequencing of concrete concepts, or a 
sequencing of relational and concrete concepts. A relational 
concept was defined by Gagne as a concept word which is dependent 
upon a verbal definition to derive its meaning. 

Gagne's theory (1970b, pp. 189-202) signified that rules and 
principles involve verbal statements which have general application 
to a number of similar, but different situations. Principles 
consist of previously defined verbal statements which have been 
identified externally in relationship to the learner. A rule 
consists of the learner's developed cognitive understanding of a 
principle or relational concept. His understanding accounts for 
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the regularity of his behavior in a variety of infinitely related 
situations . 

In this report the terms "concrete concept," "technical 
principle," and "rule" will be used to descriminate between different 
types of concepts. A technical principle will refer to a technical 
concept that has been defined externally in relationship to the 
learner. The students' abstract understanding of a technical 
principle will be identified as a rule. A specific word that is 
used to define a technical principle which refers to a class of 
environmental stimuli will be identified as a concrete concept. 

The subordinate hierarchy of intellectual skills (learning sets) 
was identified by Gagne as the variable which enables students to 
develop cognitive capabilities. The final task of the hierarchy 
requires the learner to (a) use verbal knov^rledge; (b) learn, recall 
and order intellectual operations; and (c) integrate intellectual 
operations. All of these elements are internalized in the learners' 
cognition of a rule. (See Figure 4.) 
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Figure 4. The Relationship Between the Subordinate 
Hierarchy and the Hierarchy of Learning Conditions 
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Past subordinate hierarchical research has indicated that (a) 
more than one effective subordinate hierarchy may be developed 
related to a rule, (b) ineffective hierarchies can be revised, (c) 
hierarchies don’t represent all that can be learned about a given 
rule, and (d) hierarchies do provide the potential for positive 
transfer between intellectual skill levels (Gagn§, 1968b). Also, 
subordinate hierarchical research has signified that (a) the lower 
levels of the subordinate hierarchy provided an effective base for 
students to achieve higher subordinate levels; (b) the final sub- 
ordinate task was retained over a long period of time, while 
lower subordinate tasks were forgotten (Gagnd ^ Basseler, 1963); 

(c) the superordinate organization of knowledge was a more effective 
means for the retrieval of information than for the learning of new 
information (Gagnd, 1969a; Gagn§ and Wei g and, 1968, 1970); (d) the 
subordinate hierarchy reduces individual differences as students 
progress to higher subordinate hierarchical levels (Gagn§, 1962; 
Gagnd, Mayor, Garstens, ^ Paradise, 1962; Gagnd ^ Paradise, 1961); 

(e) the subordinate hierarchy can be used to determine each student’s 
intellectual skill level related to a specific final task (Gagnd, 
1962; Wiegand, 1969); (f) the contextual variety of examples, 
practice, and time between completing a subordinate hierarchical 
subtask and starting the next subtask does not affect student 
performance on the final task (Gagnd, Mayor, Garstens, ^ Paradise, 
1962; Gibson, 1969); and (g) a subordinate hierarchy can be used 
effectively to re-evaluate and restructure learning programs 
(Gagne ^ Okey, 1970). 
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Tlie verbal instructional medium, used to depict the over- 
verbalization credence, involves verbal association, discrimination, 
concrete concept, and rule conditions of learning. The nonverbal 
instructional medium was not used to identify environmental stimuli 
related to a pre-selected technical principle. 

The NV + instructional media incorporated the use of verbal 
association, discrimination, concrete concept, and rule conditions 
of learning. The nonverbal instructional medium was used to identify 
environmental stimuli related to a pre-selected technical principle 
during verbal association, discrimination, and concrete concept 
learning. 

In summary, Gagne's hierarchy of learning conditions was used 
to operationally define NV + V^, V, and NV + instructional media 
in developing students' abstract understanding of a technical 
principle. The final subordinate task and transfer task were used 
to determine the student level of abstract understanding of a pre- 
selected technological principle. 

The second hypothesis identified was: 

On the learning achievement test, it was 
predicted that the NV + Vg , V, and NV + 
instructional media treatments would be 
achieved, each at a higher level than the 
one preceding. 

Testing this hypothesis involved the determination of the 
learning capability level achieved by the treatment groups. 
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i The third hypothesis identified was : 

I The treatment would be a significant factor in 

I the prediction of learning capability scores 

f' when combined with IQ, standardized achievanent 

[ test scores, grades in previous courses, and 

[ socio-economic status. 

1 

I, 

i This hypothesis was included because of differences bet\>reen (a) 

1 

Gagnd's use of programmed instruction versus the use of video tapes, 
and (b) the purpose of Gagne's subordinate hierarchical research 
as conpared with the purpose of this study. 

Gagnd's previous subordinate hierarchical research involved 
the use of vuritten learning programs to deteimine the effect the 
subordinate hierarchy had upon learning. The learning programs 
took two to seven days for the students to complete. In sane of 

) 

I the research studies, two learning programs were used. The first 

program was used to provide the students with the verbal knowledge 
needed to be able to complete the second program, the latter being 
organized by the use of a subordinate hierarchy. 

Also, previous subordinate hierarchical research which included 
the use of programmed instruction identified there was a decrease 
• in the relationship between relevant basic ability and perfoimance 

on the subordinate hierarchy as the learner achieved higher sub- 
ordinate levels (Gagn6, 1962; Gagne, Mayor, Gars tens, and Paradise, 
1962; Gagne and Paradise, 1961). The results of studies indicated 
the rate of learning attainment was decreasingly related to relevant 
basic ability as the learner progressed through the subordinate 

O 
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hierarchical levels. Hence, learning rate attainment was increasingly 

dependent upon acquired subordinate knowledge (Gagne § Paradis^, 

» 

1961) . 



Terminology 

Identified below are the definiations of major terms that were 
used to conduct this study. 

1. Human communication was defined as the process of 
transferring information from one human being to 
another. 

2. Verbal communication was defined as the process of 
transferring information between human senders and 
receivers by the use of a language system which 

used numbers and/or words (Ruesch § Kees, 1961, p. 9). 

3. Nonverbal communication was defined as the process of 
transferring information between human senders and 
receivers by the use of a "...series of symbols that 
in their proportions and relations are similar to the 
thing, idea, or event for which they stand (Ruesch § 

Kees, 1961, p. 8). 

4. A concept was defined as "...some amount of [abstract] 
meaning more or less organized in an individual's 
mind as a result of sensory perception of external 
objects and events and the cognitive interpretation 
of the perceived data" (Woodruff, 1964, p. 84). 

5. ^stract understanding was defined as the learner 
having acquired verbal cognitive capabilities to 
internalize and structure rules about the environ- 
ment by the use of words. 

6. Industrial arts was defined as the "...study of man 
and technology (including the technical and cultural- 
social elements) as a creative endeavor in meeting 

the needs of individuals and cultures, in the areas of 
products, transportation and communication, through 
utilization of tlie properties of matter and energy" 
(DeVore, 1966, p. 11). 

7. Technical was defined as ". ..any portion of the material 
environment that has been deliberately used, or modified 
for use, by man" as a means for controlling his physical 
environment (Bock, 1969, p. 221). 



Assumptions 



Assumptions made for conducting this research were: 

1. That the nonverbal and verbal codification continua 
exist independent of each other and either medium 
can be used to siqjpleraent or complement the other. 

2. That knowledge is cognitively stored in hierarchical 
order. 

3. That verbal learning is the most efficient means for 
students to acquire an understanding of technical 
concepts . 

4. That most industrial arts teachers are unaware of their 
use of their past nonverbal learning experiences to 
determine the subject matter and mode of instruction 
for industrial arts. 

5. That a majority of the students who have enrolled in 
industrial arts education programs have done so because 
of previous success in manual activities. 

6. That industrial arts teachers should place emphasis on 
students’ abstract understanding of technical principles. 

7. That rule learning is defined by the use of Gagne's 
hierarchy of learning conditions and subordinate hierarchy. 

8. That concrete concept and rule conditions of learning 
free the learner frcan the control of the environmental 
stimuli. 

9. That a subordinate hierarchy can be constructed so that 
students will develop abstract understanding of a pre- 
selected technical principle. 
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Limitations 



The study was limited to: 

1. One randomly sampled county school system. 

2. Industrial arts classes at the junior high school level. 

3. Biology and mechanical drawing classes at the senior high 
school level. 

4. Abstract learning of technical principles. 

5. A technical principle that depicted the criteria for both 

the NV + V and NV + V lessons. 

^ s 

6. Technical principles to which students had not been exposed. 

7. The researcher's lack of knowledge about the students' 
previous nonverbal learning experiences related to the 
technical principle selected for conducting the study. 

8. The use of one technical principle to test the hypothesis 
that NV + is the best guideline. 

9. Three instructional guidelines as tested by the 
NV + V^, V, and NV + V^ treatments. 

10. The use of Gagnd's hierarchy of learning conditions to 
operationally define the nature of the NV + V , V, and 
NV + Vg lessons. 

11. The use of Gagnd's subordinate hierarchy to operationally 
define instruction for sutdents to acquire an understanding 
of a rule. 

12. A formal, structured classroom presentation. 

13. The presentation being presented in one class period 
(45 minutes) . 

14. The use of video tape to present the NV + V , V, and 
NV + Vg lessons. 

15. The use of one video tape each to present the NV + V , 

V, and NV + Vg lessons . 

16. The final and transfer task tests which were assumed to 
measure abstract learning. 
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Cl lAlTliK 1 1 

REVIEW OF RESEARCH AND RELATED LITERAl’URE: 

GAGNE'S SUBORDlte HIERARCHY 

\ 

The three treatments tested fo^detennining instructional guide- 
lines were operationally defined by use of Gagne's hierarchy of 
learning conditions and subordinate hi\erarchy. The hierarchy of 
learning conditions was used to circumscribe the role of the nonverbal 
and verbal media per treatment and to predict the level of learning 
the students were expected to achieve per treatment. The NV + 
and V treatments were directly concerned with the identification of 
instructional guidelines related to abstract learning. The NV + 
treatment was concerned with determining whether students developed 
an abstract understanding of technical principles as the result 
of having been shown how to complete an operation. 

The subordinate hierarchy was used to plan the NV + and V 
instructional procedures. The hierarchy has been identified by 
Gagne as the critical variable concerned with the external organi- 
zation of intellectual operations (instruction) . The organization 
of these operations provides the means for students to develop 
cognitive capabilities. These capabilities result in them being 
able to acquire an abstract understanding of concepts and principles 
(Gagne, 1965, 1970b, 1971). The latter have been identified by 
Gagn^ as type 6 and 7 conditions of learning (Gagne, 1965, 1970b). 



O 



39 



25 



This chapter has been devoted to a detailed review o£ Gagn6 
and associates' subordinate hierarchical and. superordinate research. 

The superordinate review was included to identify the role "organizers" 
have on cueing recall or contextual learning materials. This research 
has helped to identify similarities and differences betiveen Ausubel's 
and Gagng's cognitive theories. 

The same procedure was used to review both the subordinate and 
superordinate research. The introduction of each section summarized 
the research findings. Next, each study was reviewed. The first 
paragraph o£ each review identified the major researcdi findings. 

The following paragraph described the theory, purpose, and/or 
hypothesis tested. The remaining paragraphs examined the procedure 
used to Conduct the study. 

The review was organized in this manner since no complete 
summary of Gagne’s subordinate and superordinate research had been 
compiled, in 1970, Gagnd (1970a) reviewed some of the later studies. 
This review did not include the early research studies which laid 
the foundation for later hierarchical research. 

The subordinate hierarchical research has been identified as 
the bases for Gagn§'s (a) cumulative learning paradigm (Gagn6, 1968a); 

(b) process approach in science (A. A. A. S. , 1965, 19 68); and 

(c) reconceptualization of learning as information processing (Gagn6, 
1970d) . 

The third section of this chapter was devoted to a discussion 
of how the research findings were used to conduct this study. 
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Subordinate Organization of Intellectual Operati ons 



The 14 studies reviewed were concerned with the subordinate 
and superordinate organization of intellectual operations . The 
findings of the 11 subordinate hierarchical studies found (a) that 
the subordinate organization of intellectual operations affected 
student performances on the final and transfer tasks (Gagn§ § Brown, 
1961; Gagnd, 1962; Gagn6 § Paradise, 1961; Gagn§, Mayor, Garstens, 

§ Paradise, 1962, Gagn6 § staff, 1963; Gagnd § Bassler, 1963; 

Wiegand, 1969; Coleman, 1969; Gagnd § Okey, 1970) ; (b) that the 
completion of the next highest subordinate level was dependent upon 
the accon^lishment of the lower adjacent subordinate level (Gagnd, 

1962; Gagnd 5 Paradise, 1961; GagnS, Mayor, Garstens, § Paradise, 

1962; Gagnd 5 staff, 1963; Wiegand, 1969; Gagnd 5 Okey, 1970; 

(c) that the completion of higher adjacent subordinate levels 
reduced individual differences related to the final task (Gagn§, 

1962; Gagnd 5 Paradise, 1961; Gagnd, Mayor, Garstens, § Paradise, 

1962) ; (d) that verbalization during problem solving situations 
affected student capability to solve problems (Gagn6 § Smith, 

1962) ; (e) that the subordinate hierarchy was effective in determining 
a student's level of capability related to the final subordinate 
task (Gagnd, 1962; Wiegand, 1969); (f) that guidance, repetition, 
and overlearning did not affect student capabilities to complete 
the final and transfer tasks; (g) that the interaction of high 
guidance and high repetition did have an effect on student capabilities 
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to complete the final and transfer tasks (Gagnd, Mayor, Garstens, 
i § Paradise, 1962; Gibson, 1969) ; (h) that lower subordinate knowledge 

I was not retained over a nine-week period, whereas, the ability to do 

I the final task was retained (Gagne § Bassler, 1963); (i) that the 

I use of a subordinate learning set re- test had a significant effect 

I on student capability to complete the final task (Wiegand, 1969); 

I 

1 (j) that the use of the process approach in social science was 

I 

I dependent upon a hierarchy of intellectual skills (Coleman, 1969); 

I 

i and (k) that the hierarchy was used effectively to restructure a 

I science instructional learning program (Gagn6 § Okey, 1970) . From 

i 

1 comments made in the text, footnotes, and bibliographical entries, 

the researcher assumed that Gagnd's 1962 study was done prior to 
Gagnd and Paradise's 1961 and Gagn6, Mayor, Garstens, and Paradise *s 
f 1962 studies. Also, many of the earlier studies were conducted as 

part of the University of Maryland's Mathematics Project. 

i- 

e 

I Gagne and Brown (1961) 

■ ■“ 

S;, 

! The findings of this research indicated that what was learned 

; 

while students completed a learning program to teach rules had a 

? 

significant effect on their ability to solve contextually related 
? problems. 

; The purpose of Gagnd and Brown's study was to identify learning 

program variables which had an effect on student understanding of 
I concepts. The program learning variables manipulated were step-wise 

versus abrupt sequencing and types of discovery statements versus 
verbal statements with examples. A review of previous research by 
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Katona, Skirmer, and others was used to designate program learning 
variables and ways of measuring student understanding of concepts . 

The materials used to conduct this study consisted of an intro- 
ductory learning program, three experimental programs, and a problem- 
solving test. The introductory program, which all subjects had to 
complete, explained basic knowledge related to number series. The 
discovery, guided discovery, and rule with example programs were 
designed to develop student understanding of rules used for deriving 
formulas to explain a number series. The discovery program consisted 
of abrupt sequencing and the identification of rules that applied 
to each step for deriving a number series formula. The number of 
hint cards used by the subjects to make a response was counted. The 
guided discovery program consisted of small sequencing steps. Questions 
were used to guide the learning of the rule. Verbal statements of 
rules with examples were used to construct the rule and example 
program. 

The problem-solving test measured the amount of application of 
rules to novel, contextually related problem solving situations. 

The time and number of hints used to solve the problems and the 
number of incorrect answers were recorded. 

The subjects were 33 ninth and tenth grade boys enrolled in a 
general mathematics class. The subjects either had previously 
completed an algebra course or were presently enrolled in one. 

After the subjects had completed the introductory program, they 
were randomly assigned to one of the three experimental groups. 
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The subjects were required to complete their assigned experimental 
programs twice, once a day for two consecutive days. On the fourth 
day the problem-solving test was administered. 

The Bartlett's, analysis of variance, and "t" tests were lased 
to analyze the data. The guided discovery program was found to be 
significantly different from the rule and example program. The 
guided discovery and discovery programs were not found to be signifi- 
cantly different. The order of the weighted time-hint problem solving 
means for the three treatments were: guided discovery, discovery, 

and rule with example (22.6, 28.4, and 46.8, respectively). 

Gagne and Brown concluded that, irrespective of how the material 
had been presented, what was learned and not how it was learned was 
the critical variable that affected transfer. The subjects assigned 
to the guided discovery program were required to state, in writing, 
the rule they used to answer each question. The discovery program 
required that the students analyze incorrect answers and identify 
the correct answers after hints were provided. The authors concluded 
that the results did not identify specific factors which had an 
effect on transfer. 

Gagne (1962) 

This research identified (a) that the prerequisiting of intellectual 
operations enabled students to complete a specified final subordinate 
task; (b) that students who did not complete the lower subordinate 
operations were unable to complete the final subordinate task; (c) that 



O 

ERIC 

MMilfflffTlTLiU 



I 



44 



30 



once students were able to successfully complete the subordinate 
levels missed, they were able to complete the final subordinate 
task; and (d) that the subordinate hierarchy could be used to 
determine the student's pattern of capability related to the final 
task. 



The theory tested was described by Gagne as follows: 

A human learner begins the acquisition of the 
capability of performing a particular class of 
tasks with an individual array of relevant learning 
sets, previously acquired. He than acquires new 
learning sets at progressively higher levels of 
knowledge hierarchy until the final class of tasks 
is achieved. Attaining each new learning set depends 
upon a process of positive transfer, which is depen- 
dent upon (a) the recall of relevant subordinate 
learning sets, and upon (b) the effects of instructions 
(Gagn4, 1962 , p. 358) . 

The hypotheses tested were (a) the learner would not be able 
to complete the final task unless he had acquired the prerequisited 
intellectual operations, and (b) a learner could complete any 
superordinate task in the subordinate hierarchy provided the lower 
subordinate operations could be recalled and proper instructions 
were given. 

The rationale for the above theory was based upon an analysis 
of previous program learning research by Lumsdaine and Glaser; 
Hilgard, Irvine, andlMpple; Katona; and Malt zman, Eisman, Books, 
and Smith. Gagnd identified that the above research created an 
interest in auto- instructional devices, not because of the techno- 
logical innovativeness, but because they provided a means for 
studying productive learning. Productive learning was defined as a 
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. .change in liuman behavior which permits the individual to perfonn 
successfully on an entire class of specific tasks, rather than simply 
on one member of the class" (Gagne, 1962, p. 355) . 

The information acquired as the result of successfully completing 
a learning program was designated as knowledge. Knowledge was defined 
as "...the inferred capability which makes possible the successful 
performance of a class of tasks that could not be performed before 
the learning was undertaken" (Gagne, 1962, p. 355). 

Gagne operationally defined knowledge as it related to program 
instruction. He dichotomized knowledge into two variables: knowledge 

and instruction. Knowledge, in this case, was defined as the 
"...capabilities the individual possesses at any given stage in the 
learning program" (Gagne, 1962, p. 355). Instructions were defined 
as ..the content of the cmimunications presented within the frames 
of a learning program" (Gagne, 1962, p. 356). The four major pur- 
poses of instruction in a learning program were to (a) identify the 
terminal response required of the learner, (b) identify elements of 
the stimulus situation, (c) require the learner to recall past 
learning sets, and (d) provide guidance for thinking (Gagne, 1962, 
pp. 357-358) . 

The means Gagne described for developing a subordinate hierarchy 
of knowledge consisted of asking two questions. The first question 
was about the final task. The question was concerned with finding 
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fomulas for sum of "n" terms in a number series. The question 
asked was : "What kind of capability would an individual have to 

possess if he were able to perfoim this task successfully, were we 
to give him only instructions?" (Gagnd, 1962, p. 356). After iden- 
tifying a class of tasks related to the original final task, the 
second question was asked of each of the classes. The question was: 
"What would the individual have to know in order to be capable of 
doing this task without undertaking any learning, but given only 
some instructions?" (Gagn6, 1962, p. 356). The final subordinate 
hierarchy included four levels. (See Figure 5.) 

TASK 




Figure 5. Subordinate Hierarchy of Intellectual Operations for 
Finding Fomulas for Sum of "n" Terms in a Number Series (Gagne, 
1962, p. 359) 
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The materials used to conduct the research consisted of a 
learning program and a learning set test based upon the developed 
subordinate hierarchy. The learning set test included a test item 
per hierarchical level. Following the final subordinate task test 
item, the rest of the items were arranged from the highest to the 
lowest subordinate level. The test instructions identified the 
terminal response expected and the important elements of the stimulus 
situation. The procedure used to collect the data consisted of 
individually administering the learning set test to 7 ninth grade boys. 

When the subject was able to answer a test item correctly, he 
was required to complete the learning program. The program was 
started at the last subordinate hierarchical level the student missed 
on the test. The learning program included instructions that (a) 
required him to recall lower relevant learning sets, (b) identified 
the terminal response expected of him, and (c) guided the learner's 
thinking. After the completion of the program, each subject was 
administered the same learning set test. The subjects were required 
to complete the lower subordinate level items that they had not been 
exposed to during the first testing situation. Gagne denoted that 
giving the same test twice caused the subjects to become familiar 
with the test the second time. 

The analysis of data from the test administered the first 
time indicated that there were differences in the student "patterns 
of capability" in completing the final task. All students were not 
able to complete the final task. (See Table 1.) 
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